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Abstract 

Existing offline techniques for modeling subsurface scattering effects in multi-layered translucent materials such 
as human skin achieve remarkable realism, but require seconds or minutes to generate an image. We demonstrate 
rendering of multi-layer skin that achieves similar visual quality but runs orders of magnitude faster. We show 
that sums of Gaussians provide an accurate approximation of translucent layer diffusion profiles, and use this 
observation to build a novel skin rendering algorithm based on texture space diffusion and translucent shadow 
maps. Our technique requires a parameterized model but does not otherwise rely on any precomputed information, 
and thus extends trivially to animated or deforming models. We achieve about 30 frames per second for realistic 
real-time rendering of deformable human skin under dynamic lighting. 

Categories and Subject Descriptors (according to ACM CCS): 1.3.7 [Computer Graphics]: Three-Dimensional 
Graphics and Realism 



1. Introduction 

Accurate rendering of many real-world objects requires 
modeling subsurface scattering effects to capture translu- 
cent appearance. Examples of translucent materials range 
from milk and ketchup to jade, marble, and plastic. Many 
important materials consist of multiple translucent layers 
- notably many organic materials such as plant leaves 
and skin. Human skin in particular presents a challeng- 
ing but crucially important rendering problem for photo- 
realistic graphics. By approximating the physiological lay- 
ers of skin - epidermis, dermis, and so on - as locally ho- 
mogeneous thin slabs, researchers have achieved remark- 
ably realistic renderings [DJ05,DJ06]. However, this realism 
comes at a cost: today's most accurate simulations of multi- 
layer translucent materials typically require seconds or even 
minutes to render. 

We present a novel and extremely efficient formulation 
of the multipole technique by Donner and Jensen [DJ05] 
for light transport through multi-layer translucent materials. 
Our technique enables real-time rendering of such materi- 
als and requires no precomputation. The key idea is to ap- 
proximate diffusion profiles of thin homogeneous slabs as a 
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linear combination of carefully chosen Gaussian basis func- 
tions. This representation greatly accelerates the computa- 
tion of multi-layer profiles and enables improved algorithms 
for texture-space diffusion and global scattering via translu- 
cent shadow maps. We focus here on the specific application 
of these ideas to the rendering of human skin. 

Most real-time methods capable of rendering translu- 
cent materials rely on precomputing light transport among 
points on the surface. This very general approach can cap- 
ture a broad range of illumination effects, but requires fix- 
ing the geometry of the model at precomputation time (a 
notable exception: the zonal harmonics approach of Sloan 
et al. [SLS05] enables limited local deformations). Real- 
time rendering of translucent objects with no precompu- 
tation, necessary for scenes with fully general animation 
or deformation, has received much less attention. We im- 
prove and combine two such approaches: texture-space dif- 
fusion [BL03, Gre04], which provides an efficient estimate 
of local scattering, and translucent shadow maps [DS03], 
which approximates scattering through thin regions such as 
ears (Figure 6). 

Specifically, we propose several extensions of texture- 
space diffusion to rapidly and hierarchically evaluate light 
diffusion within arbitrary deformable manifolds. The use of 
separable Gaussian kernels accelerates convolution of sur- 
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